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SPECIFICATION 



1. Title of the Invention 

Sandwich structure and method for the production of the structure 

2. Patent Claims 

(1) A sandwich structure, characterized by consisting of a foamed material core and a 
paper material between the core and surface material. 

(2) The sandwich structure described in Claim (1), characterized by the fact that the 
foamed material is a polyurethane-based foamed material. 

(3) The sandwich structure described in Claim (1), characterized by the fact that the 
surface material is a fiber-reinforced thermosetting resin material. 

(4) A method for the production of the sandwich structure, characterized by using a 
process consisting of steps (A) and (B). 

(A) The foamed material is first introduced into a mold lined with a paper material to 
form a foamed material core covered with the paper material on the surface. 

(B) The sandwich structure is farther formed by using the foamed material core and a 
fiber-reinforced thermosetting resin as a surface material. 

3. Detailed Explanation of the Invention 
Industrial field of utilization 

This invention is related to a sandwich structure, which consists of a foamed material 
core and a paper material between the core and surface material and has high adhesive 
strength between layers, as well as a method for the production of the sandwich structure. 

Prior art 

Sandwich structure is known to have light weight, high rigidity, excellent heat insulation 
and sound insulation and has been widely used in ships, tanks, etc., as well as various 
general construction purposes. A sandwich structure consists of a core and a surface 
material. The surface material can be, for example, FRP, a metal sheet, etc. When the 
sandwich structure is used in ships, tanks, etc., FRP is more commonly used as the 
surface material. In the sandwich structure, the core is usually formed by a plastic 
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foamed material. The plastic foamed material can be either a thermosetting resin foamed 
material or a thermoplastic resin foamed material. The thermosetting resin foamed 
material can be, for example, polyurethane foam, phenolic resin foam, urea resin foam, 
epoxy resin foam, etc. Currently, the hard urethane resin foam is used most commonly. 
The thermoplastic resin foamed material can be, for example, polystyrene resin foam, 
polyethylene resin foam, polypropylene resin foam, polyvinyl chloride resin foam, 
polyacrylate resin foam, and styrene/ethylene copolymer resin foam, etc. These foamed 
materials can be manufactured through mainly a slab foaming process or injection 
foaming process. When the foamed materials manufactured through the slab foaming 
process are used as a core material for a sandwich structure, the foamed materials must be 
sliced or cut into a certain shape. The productivity is low. On the other hand, the 
injection foaming process uses a mold in which the foamed material is formed. 
Therefore, the slicing or cutting step is not needed. In the process, the inner surface of the 
mold is first coated with a mold-releasing agent and then urethane foam is injected to 
form a foamed material with a desired shape. The mold-releasing agent contains mainly 
an aliphatic hydrocarbon, an anionic surfactant, an ester-based wax, etc., and is further 
diluted with a halogen-containing solvent, industrial gasoline, etc., before use. The 
polyurethane foamed material thus obtained carries a layer of the residual mold-releasing 
agent on the surface. As a result, when the foamed material is directly used as a core to 
form a sandwich structure laminated with a fiber-reinforced thermosetting resin 
composition as a surface layer material, the surface layer will have poor adhesion to the 
core material and can be easily peeled off. 

In order to overcome this shortcoming, the polyurethane foamed material thus obtained is 
first treated with a surface treatment, such as heating at a temperature of 50 - 90°C or 
washing with a warm solvent, including methylene chloride, trichloroethane, etc., to 
remove the residual mold-releasing agent. However, the surface treatment may damage 
the foamed material. Also, an extra step and equipment are needed to recover the solvent. 
The production cost will be high and the working environment may be affected. In 
addition, the surface treatment is not very effective in removing the surface layer of the 
residual mold-releasing agent. 

As another method of removing the surface layer of the residual mold-releasing agent, it 
was proposed to use sandpaper or sandblast to treat the surface of the polyurethane 
foamed material. However, for high-density polyurethane foamed material, the surface 
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layer is very hard. The sanding operation is very difficult and must be carried out 
manually, resulting in intense labor and low efficiency. Automatic sanding process using 
a machine was considered. However, since the polyurethane foamed material usually has 
a complicated shape, in practice, it is impossible to carry out the sanding process using a 
machine. 

Problems to be solved by the invention 

In order to solve the problem mentioned above, the inventors carried out a series of 
studies. As a result, it was found that a sandwich structure with excellent adhesion 
between the core and surface material can be obtained by using a foamed material core 
carrying a paper material on the surface. This invention has been completed based on the 
above discovery. 

In this invention, (A) a foamed material is injected into a mold lined with a paper material 
to form a foamed material core covered with a paper material. Then, (B) a fiber- 
reinforced thermosetting resin material is further laminated on the surface of the foamed 
material core as a surface material to form a sandwich structure. In other words, this 
invention provides a sandwich structure, which is formed by a foaming core material and 
a fiber-reinforced thermosetting resin material as the surface material through a process 
consisting of Steps (A) and (B) listed above and has excellent adhesion between the core 
and surface material. This invention also provides a method for the production of the 
sandwich structure. The sandwich structure of this invention uses a foamed material as 
the core material and is characterized by carrying a paper material between the core and 
surface material. 

Constitution of the invention 

In this invention, the paper material is prepared by extracting plant fibers and then 
dispersing the plant fibers in water. Next, water is removed to leave the plant fibers on a 
flat surface to form a piece of paper. Various types of paper can be used for the purpose 
of this invention, such as newsprint paper, writing and notebook paper, packaging paper, 
etc. However, it is preferable to use craft paper, such as packaging paper, etc. There is 
no special limitation on the raw material used for the craft paper. Plant fibers from 
coniferous trees, broadleaf trees, as well as a mixture of plant fibers can be used. 
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Moreover, the pulp method used for papermaking can be, for example, a chemical pulp 
method, such as sulfurous acid pulp method, craft pulp method, etc., as well as a 
mechanical pulp method, a semichemical pulp method. In this invention, there is no 
special limitation on the pulp method used for papermaking. 

The thickness of the paper material should be in the range of 40 - 1 80 u, and the void 
ratio should be in the range of 26 - 73%. The foamed material core should be covered 
with the paper material on its entire surface or at least 50% or more of the surface. 

In this invention, the polyurethane foam can be formed through a molding method using a 
mold. The mold can be made from a common material, such as wood, resin, aluminum, 
iron, nickel, plated iron, etc. There is no special limitation on the material used for the 
mold. 

The foamed material core can be made from any type of foamed material. However, 
polyurethane foam, particularly, hard polyurethane foam, is preferable. The foamed 
material can be prepared from a mixture containing polyol, polyisocyanate, water or a 
volatile solvent, an emulsifier, and, if necessary, a catalyst, a crosslinking agent, a 
stabilizer, etc. As the major component, the polyol can be, for example, polyether polyol, 
polyester polyol, a mixture of the two polyols, as well as other polyhydroxy compounds. 
The polyisocyanate can be, for example, 2,4-tolylenediisocyanate, 2,6- 
tolylenediisocyanate, 4,4'-diphenylmethanediisocyanate (MDI), as well as crude MDI. 

In this invention, the fiber-reinforced thermosetting resin composition can be, for 
example, a thermosetting resin, such as unsaturated polyester resin, vinyl ester resin, 
epoxy resin, etc., reinforced with fibers, such as glass fibers, carbon fibers, synthetic 
fibers, metal fibers, etc. Particularly, a glass-fiber-reinforced unsaturated polyester resin 
is preferable. The fiber-reinforced thermosetting resin composition can be prepared by 
mixing the thermosetting resin with fibers prior to the molding process or a pre-mixture 
formed by the thermosetting resin and fibers, such as SMC (sheet molding compound) or 
BMC (bulk molding compound), may also be used. 

The thermosetting resin may also be mixed with various additives, such as filler, pigment, 
shrinkage-preventing agent, mold-releasing agent, hardening agent, etc. 
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The sandwich structure of this invention can be prepared with a common FRP molding 
method, such as SMC and BMC compressing method, etc. There is no special limitation 
on the molding method. 

In the following, this invention is explained in more detail with practical examples. 
Practical Examples 1 - 4 

Various types of paper materials were lined on the upper and lower part of an aluminum 
polyurethane foaming mold of 300 x 300 x 30 mm. Then, a polyurethane foamed 
material with the following composition was injected into the mold to form the foaming 
core. 



Raw material composition 

Hiprox OD-X-104B (Dainippon Ink Kagaku Co.) 

Hiprox SP-1225 (Dainippon Ink Kagaku Co.) 

Water 



1 00 units 
1 64 units 
0.48 units 



Foaming conditions 
Mold temperature 
Raw material temperature 
Mold closing pressure 
Injection time 
Mold releasing time 



35 - 40°C 
20°C 
3 kg/cm 2 
7 seconds 
1 5 minutes 



The basic physical properties of the foaming core material were as follows. Foam 
density: 0.12 and compression-yield strength: 4.0 kg/cm 2 (23°C, parallel to the foaming 
direction). The foaming core thus obtained was laminated on two sides with 450 g/m 2 
chopped-strand mat (Nitto Boseki Co.), 3 sheets each side, with the hand-lay-up method 
using a resin composition containing 100 units of unsaturated polyester resin (Polyrite 
FH-123, Dainippon Ink Kagaku Co.) and 1 .2 units of 55% methyl ethyl ketone peroxide 
(MEKPO) to have a final glass content of 30 weight %. A sample sheet was cut from the 
laminated material and the tensile-peeling test was carried out with the method listed in 
ASTM-C-292-61 . The results obtained are shown in Table 1. 
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Comparative Example 1 

A mold-releasing agent (Rimu-7, Chemtrand Co., Wax-based) was coated on the same 
mold as in Practical Example 1 . The same polyurethane foamed material as in Practical 
Example 1 was then injected into the mold. The laminated material thus obtained was 
evaluated with the same tensile-peeling test as in Practical Example 1 . The results 
obtained are shown in Table 1 . 



Table 1 





Practical 
Example 1 


Practical 
Example 2 


Practical 
Example 3 


Practical 
Example 4 


Comparative 
Example 1 


Type of paper 


Newsprint paper 


Craft paper 


Craft paper 


Simile paper 


None 


Paper thickness (p) 


70 


90 


110 


80 




Paper void ratio (%) 


61 


59 


59 


50 




Tensile-peeling 
strength (kg/cm 2 ) 


3.1 

(broken core) 


3.0 
(broken 
core) 


3.4 
(broken 
core) 


3.0 
(broken 
core) 


1.5 
(interlayer 
peeling) 



Practical Examples 5-8 

Polyurethane foam materials with a size of 300 x 300 x 30 mm were prepared with the 
same method as in Practical Example 1 using various types of paper materials lined on 
the upper and lower part of an aluminum polyurethane foaming mold. The foaming core 
thus obtained was placed in a compress-molding template lined with 450 g/m 2 continuous 
mat (glass content 30 weight %, Asahi Fiber Co.), 2 sheets each side, soaked with the 
same unsaturated polyester resin composition as in Practical Example 1 . Then, compress- 
molding was carried out under a pressure of 20 kg/cm 2 at a temperature of 80°C for 1 0 
minutes. The unsaturated polyester resin composition contained 100 units of Polyrite 
PM-141 (unsaturated polyester resin, Dainippon Ink Kagaku Co.), 50 units of calcium 
carbonate, L0 unit of 55% methyl ethyl ketone peroxide (MEKPO), and 0.6 units of 6% 
cobalt naphthene complex. The laminated material thus obtained was evaluated with the 
same tensile-peeling test as in Practical Example 1 . The results obtained are shown in 
Table 2. 
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Comparative Example 2 

The polyurethane foaming core prepared with the same method as in Comparative 
Example 1 was placed in the same compress-molding template as in Practical Example 1 
{Should be Practical Example 5? - Translator} to form the laminated material. 
Evaluation was carried out with the same tensile-peeling test as in Practical Example 1 . 
The results obtained are shown in Table 2. 



Table 2 





Practical 
Example 5 


Practical 
Example 6 


Practical 
Example 7 


Practical 
Example 8 


Comparative 
Example 2 


Type of paper 


Newsprint paper 


Craft paper 


Craft paper 


Simile paper 


None 


Paper thickness 


70 


90 


110 


80 




Paper void ratio (%) 


61 


59 


59 


50 




Tensile-peeling 
strength (kg/cm 2 ) 


6.5 

(broken core) 


6.0 
(broken 
core) 


7.0 
(broken 
core) 


6.1 
(broken 
core) 


1.7 
(interlayer 
peeling 



The results obtained from the practical examples clearly demonstrate that by using a sheet 
of paper material between the foaming core and surface material, the sandwich structure 
of this invention has excellent interlayer adhesive strength. 

Agent: Shori Takahashi, patent agent 
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